It is a well-known fact that water is the basic need of human beings. The industrial wastes nearby rivers and several anthropogenic activities are responsible for deteriorating water quality of rivers in India. The present research paper deals with the design and development of soft computing system to assess the water quality of rivers Ganga and Yamuna during the Maha Kumbh 2013 in and around Sangam Zone, Allahabad, by making use of physicochemical parameters relationship.
Introduction
The role of water in human life is important as it plays a vital role in the mechanics of human body. Human body is a water machine designed to run primarily on water and minerals. The movement of water within our cellular system also transports vital blood plasma, 92% of which is made up of water. It confirms the quality of water we consume will have severe impact on our overall state of health. Our brain contains over 80% water and controls each and every process that happens inside our body. Considering the vital role that water plays in our brain and nervous system is key to longevity. The purity of water we drink causes impact on our strength and energy level.
Hindus believe that river Ganga is physically and spiritually pure and it removes all sins committed by human being during life time, normally by taking a dip in it. The mythological belief of Hindus regarding Ganga is on its threshold due to dangerous chemical contaminants related to industries and sewage system of towns close to it as well as human and animal wastes, and water quality deteriorates rapidly downstream. Nonetheless, 80% of the health problems in contemporary India come from waterborne diseases.
In order to improve water quality of rivers a systematic scientific approach has been made by Meyer [1] , Harmancioglu et al. [2] , Rosemary et al. [3] , and many other scientists in terms of their chemical, biological, and nutrient constituents. However, discrepancies appeared due to the uncertainty in the quality criteria employed and the imprecision, vagueness, or fuzziness in the decision-making output values.
It is a well-known fact that decision-making processes in real life problems are too complex, and to handle such issue Zadeh introduced the concept of fuzzy [4] and consequently he published a series of papers that show how his idea can be used in real applications. The decision-making process in the presence of fuzzy variables was introduced by Jain [5] and later on Bellman and Zadeh [6] proposed application of fuzzy tools in the fuzzy environment. During the last phase of the twentieth century Cho et al. [7] designed an algorithm which described the computation of the degree of match (DM) between the antecedent part of a fuzzy classification rule and an assertion given by a user when imprecise and precise propositions are mixed freely in a fuzzy expert classification system. Kumar [8] has used the concept of degree of match in fuzzy environment to study the water pollution of Sangam Zone, Allahabad, in 2004, and assessment of quality of water rivers Ganga and Yamuna during Ardh Kumbh 2007 was studied by Yadav [9] under the supervision of Pankaj Srivastava.
Medical science due to its uncertain features and imprecise information has been center of attraction for soft computing experts. In order to study cardiac analysis phenomena 2 Applied Computational Intelligence and Soft Computing Pandey et al. [10] gave a fuzzy analysis of ECG diagnosis using the principles of fuzzy logic for cardiac analysis with the knowledge of medical experts. Recently P. Srivastava and A. Srivastava [11, 12] designed a fuzzy expert system to determine coronary heart disease (CHD) risk factor and effective diagnosis system for risk assessment of hypertension, respectively. Srivastava and Sharma introduced a soft computing decisionmaking model for medical diagnosis [13] . Srivastava et al. [14] proposed a soft computing classification criterion to design and develop user friendly diagnostic system for Hepatitis B. Srivastava et al. [15] proposed soft computing diagnostic system for diabetes that sharpens the diagnostic process and guides patients to evolve strategies to control their sugar level.
Fuzzy relational equations were introduced in 1976 by Sanchez [16] who discussed application of fuzzy relational equation in medical issues. Rotshtein et al. [17] proposed fuzzy models of diagnosis on the basis of fuzzy relational equations. In the present paper, an attempt is made to develop a user friendly Fuzzy Environmental Model for the evaluation of the water quality of Sangam Zone during Maha Kumbh 2013 using pairwise comparison matrices for making decision on the basis of Zadeh's compositional rule of inference process for fuzzy relational equation = ∘ [18] . The development of fuzzy information system incorporates fuzzification process which is an essential feature of model building, and this fuzzification with the help of Saaty's point scale [19] is done on the basis of expert information about cause-paired comparisons in this paper.
Materials and Method
Water quality is determined by its physical, chemical, and bacteriological characteristics and in order to assess quality of water, data of three major ghats, where majority of people take dip in rivers Ganga and Yamuna, have been taken during Maha Kumbh 2013. In practicular, Ram Ghat, Sangam Nose, and Saraswati Ghat's water was taken and an attempt was made to assess physiochemical behaviour and suitability for bathing and swimming on the basis of fuzzy modeling. The parameters considered for analysis are turbidity (T), dissolved oxygen (DO), biochemical oxygen demand (BOC), pH value (pH), and Fecal Coliform (FC) Figures 1, 2 , 3, 4, 5, and 6.
In order to design a user friendly environment model for evaluating water quality of rivers Ganga and Yamuna during Maha Kumbh 2013, we propose the following fuzzy algorithm.
Step 1 (initial phase). the max-product composition, which gives fuzzy sets for different category of output = { , = 1, }.
Step 2 (construction of fuzzy relation ). Step 3 (evaluation of output). 
Input Parameters

Turbidity (T).
Turbidity is categorized into three fuzzy sets with membership functions as follows: (i) Good ( ) = exp
Dissolved Oxygen (DO)
. DO is categorized into four fuzzy sets and their membership functions are given below: 
pH Factor (pH).
The pH factor is categorized into three fuzzy sets and their membership functions are given below:
(1) Acidic (A): <6.5, 
Fecal Coliform (FC)
. FC is categorized into four fuzzy sets and their membership functions are given below:
(1) Fair (F): <500, 
Evaluation of Water Quality.
Estimation of water quality of rivers, namely, Ganga and Yamuna, during Maha Kumbh 2013 is carried out using compositional Zadeh's rule of inference [14] represented by fuzzy relational equation:
where = {turbidity = 1 , DO = 2 , BOD = 3 , pH = 1/9 4/9 6/9 6/9 7/9 1 
Three important places, Ram Ghat, Sangam Nose, and Saraswati Ghat, were selected for the assessment of water quality of rivers Ganga and Yamuna during Maha Kumbh 
which states that water quality is poor for bathing at Sangam. 
The quality of water at Saraswati Ghat on Mauni Amavasya is evaluated as below: 
which states that water quality is good for bathing at Saraswati Ghat. 
On February
The quality of water at Ram Ghat on Basant Panchami is evaluated as below using fuzzy relational equation: 
which states that water quality is very poor for bathing at Sangam. 
which indicates the water quality is good for bathing at Saraswati Ghat. The quality of water at Ram Ghat on Maghi Purnima is evaluated as below using fuzzy relational equation: 
The quality of water at Saraswati Ghat on Maghi Purnima is evaluated as below: 
which indicates that water quality is very poor for bathing at Saraswati Ghat. A summary of water quality at different ghats is given in Table 5 .
Conclusion
The proposed information system is competent to give details of water quality for bathing and swimming throughout the year. It was tested during 2013 Maha Kumbh at Allahabad, as people take dip based on religious beliefs and faith in Supreme Power during the occasion of Maha Kumbh, and quality of water of these ghats was analysed on the basis of physicochemical and bacteriological combination. The informative system's output indicates that water quality of the said rivers during Maha Kumbh 2013 is worse than that during Ardha Kumbh 2007 at Allahabad [11] .
